Dialysis patients receiving erythropoietin (EPO) for anemia management are a challenge due to the significant interindividual variability in erythropoietic response. Our objective was to determine if there is a gender-dependent difference in the EPO doses required to maintain the hemoglobin (Hb) targets in adult patients undergoing hemodialysis. We conducted a historic cohort study with a 12-month follow-up. We include patients with the Hb target, normal serum albumin, and normal transferrin saturation index. Monthly data were gathered for the following: Hb level, EPO doses, and intravenous iron doses. In the 11 hemodialysis facilities included, 1844 patients were on hemodialysis. We considered 389 patients for follow-up, 190 of which were excluded mainly for failing to keep the Hb level in the established range. The final cohort for analysis included 141 men (70.9%) and 58 women (29.1%). At baseline, men weighed more than women (P < 0.001). At the end of the follow-up period, the EPO required to maintain Hb level between 10 and 13 g/dl was significantly higher in women in the monthly dose, weekly dose, and weekly EPO dose/patient weight, with no difference in the monthly iron dose. There was a significant association between female gender and the use of high EPO doses (odds ratio, 4.1; 95% confidence interval, 1.4-12.2; P = 0.01). Our study demonstrates that women require higher doses of EPO to achieve Hb targets.
Introduction
Anemia is a frequent complication of the chronic kidney disease (CKD). The origin of anemia is multifactorial but is mainly due to a deficient erythropoietin (EPO) production at a renal level. Anemia is associated with increased cardiovascular morbidity and mortality, kidney disease progression, and less quality of life. [1] [2] [3] Since 1989, recombinant human EPO has transformed the treatment of renal anemia, aimed at reducing transfusions and enhancing quality of life and survival. [4] [5] [6] Currently, anemia guidelines on hemoglobin (Hb) targets have recommended an Hb level of 11-12 g/dl in patients with CKD, 13 g/dl being the maximum level, based mainly on the TREAT study. [7] [8] [9] [10] The requirements of higher doses of EPO are mainly associated to iron deficiency and chronic inflammation; other causes are malnutrition, secondary hyperparathyroidism, type of vascular access, age, time in dialysis, and gender. [11, 12] Most studies assessing the response to EPO and other erythropoiesis-stimulating agents (ESAs) have focused on modifiable factors such as iron deficiency and dialysis doses. Nonmodifiable factors such as gender, CKD etiology, and age have not been sufficiently studied. [13] In medical literature, several reports found that women receive higher doses of ESAs for the treatment of anemia. [14] [15] [16] [17] [18] [19] Our objective was to determine if there is a gender-dependent difference in the EPO doses required to maintain Hb target in adult patients with CKD undergoing hemodialysis.
Methods
We conducted a historic cohort study in patients undergoing chronic hemodialysis treatment in Northern Colombia from March 01, 2013 to May 31, 2014. The study was approved by the Institution Research Ethics Committee, and due to the nonintrusive nature of the research, a written consent form was not required. Data were obtained from the electronic medical records, which include a complete register of demographic, clinical, and paraclinical characteristics.
The study was conducted in two stages: the initial stage lasted 3 months, during which information was gathered. This information included age, gender, weight, body mass index (BMI), hemodialysis vintage, number of hemodialysis sessions in a week, hemodialysis modality, type of filter, use of EPO for anemia treatment, serum albumin level, transferrin saturation index (TSI), and monthly Hb, considering the mean Hb as baseline value. Based on these data, inclusion criteria were adult patients on conventional chronic hemodialysis (≥3 months), with arteriovenous native fistulae, three sessions per week, using high-flow filters according to body surface, undergoing treatment with EPO, with baseline Hb ≥ 10 g/dl and ≤13 g/dl (Hb target), TSI ≥25%, and serum albumin ≥4 g/dl. Patients with viral hepatitis, autoimmune hepatitis, neoplasia, arteriovenous synthetic graft, and tunneled-catheter or temporary catheter as vascular access were excluded. [20] The second stage of the study lasted 12 months and was named the follow-up stage. During this stage, monthly data were gathered on the following: Hb level, EPO doses, and intravenous iron doses. In addition, data on serum albumin and TSI were gathered at the end of the follow-up. The average monthly measurements of Hb, EPO doses, and iron doses were used to determine the final Hb, monthly iron doses, monthly EPO (mEPO) doses, weekly EPO (wEPO) doses, patient's weight-adjusted wEPO, and EPO resistance index (ERI). In the follow-up, the following patients were excluded: those who required hospitalization for over 7 days for any cause, or hospitalization for up to 7 days due to melena episodes, hematemesis, or acute hemorrhagic events; patients with melena episodes, hematemesis, or acute hemorrhagic events that did not require hospitalization; patients with infectious process of ambulatory care that required an increase higher than 25% of the EPO doses; and patients that failed to maintain their Hb target for more than 2 months during follow-up.
The outcomes of interest were the wEPO dose divided by patient weight (in kg) (wEPO/kg), the mEPO dose, the wEPO dose, the use of wEPO/kg dose ≥120 IU/kg -considered as a high EPO (hEPO) dose, and the ERI (wEPO/kg divided by patient mean Hb level). Blood samples were collected before the beginning of hemodialysis. Hb level was measured monthly; TSI and serum albumin were determined at baseline and at the end of follow-up. The lab tests were completed by external providers using standardized techniques for sample extraction and transportation. Samples were processed using automatic and standardized methods.
Statistical analysis
We applied descriptive statistics for categorical variables, expressing them as frequency, percentage, mean, and median in accordance to each of the variables. To establish the differences in the continuous variable, we used Student's t-test or Mann-Whitney U test according to the type of data. We used the Chi-square or the Fisher test to establish hEPO dose associated according to gender. Confidence intervals were expressed at 95% and a P value <0.05 was considered significant.
Results
The 11 hemodialysis facilities in Northern Colombia had 1844 patients on chronic intermittent hemodialysis. After applying our inclusion and exclusion criteria, 389 of them were included for follow-up: 268 men (68.9%) and 121 women (31.1%). During 12 months of follow-up, 190 patients (48.8%) were excluded, mainly for failing to maintain the Hb target. The final cohort for analysis was of 199 patients [ Figure 1 ]. Table 1 shows the baseline characteristics of the studied population, laboratory results at baseline and at the end of the follow-up period, the iron doses, and the EPO doses. The mean age was 55.8 years for men and 55.9 years for women (P = 0.96). When comparing the variables at baseline according to the patients' gender, we found that men had a significantly higher weight (68 vs. 58 kg; P < 0.001) and TSI (34% vs. 32%; P = 0.02) than women. At the end of the follow-up stage, the EPO required to maintain the Hb target was significantly higher in women than men in mEPO doses (19, 168 vs. 15,667 IU, respectively; P = 0.005), wEPO doses (4472 vs. 3656 IU, respectively; P = 0.02), and wEPO/kg (74.6 vs. 55.2 IU/kg, respectively; P < 0.001). The ERI was significantly higher in women, and there were no differences in the monthly iron dose. 
High erythropoietin doses according to gender
Data of patients that required hEPO doses are summarized in Table 1 . Those who required hEPO doses were 15.5% women and 4.3% men (P = 0.02).
There was a significant association between female gender and the use of hEPO doses (odds ratio, 4.1; 95% confidence interval, 1.4-12.2; P = 0.01). When comparing the variables at baseline, the only differences that could be found in favor of men versus women were weight (62.5 vs. 50.8 kg; P = 0.02) and serum albumin (4.7 vs. 4.3 g/dl; P = 0.01). At the end of the follow-up stage, there were no differences in Hb, TSI, or serum albumin. Doses of mEPO and wEPO were significantly higher in men. There were no differences in wEPO/kg doses, monthly iron doses, or the ERI.
Usual erythropoietin doses according to gender
Data of patients that required uEPO doses (<120 IU/kg/week) are summarized in Table 1 . We found that men had a significantly higher weight (68 vs. 62 kg, respectively; P < 0.001) and TSI than women at baseline (34% vs. 32%, respectively; P = 0.03). We also found that women had a significantly higher hemodialysis vintage (5.4 vs. 3.3 years, respectively; P = 0.004), wEPO/kg dose (68.7 vs. 54.9 IU/kg/week, respectively; P = 0.01), and ERI (5.9 vs. 4.9 IU week/kg/g per 100 ml Hb, respectively; P = 0.01) than men.
When comparing all patients without gender distinction that required uEPO doses versus those who required hEPO doses, we found that patients with uEPO doses had a significantly higher weight (66 vs. 57 kg, respectively; P = 0.002), BMI (24.46 vs. 21.64 kg/m 2 , respectively; P = 0.02), baseline Hb (11.73 vs. 11.34 g/dl, respectively; P = 0.03), baseline TSI (33% vs. 30%, respectively; P = 0.36), and final Hb (11.56 vs. 11.15 g/dl, respectively; P = 0.004) than those with hEPO doses. There were no differences in age, hemodialysis vintage, basal albumin, final TSI, final albumin, and iron doses.
Women receiving uEPO doses had a significantly higher weight (62 vs. 50 kg, respectively; P = 0.034) and BMI (24.62 vs. 20.69 kg/m 2 , respectively; P = 0.01) than women that required hEPO doses. There were no differences in age, hemodialysis vintage, baseline, and final levels of Hb, TSI, and serum albumin. The monthly iron 
Discussion
In this study, including 199 patients undergoing chronic hemodialysis, using EPO to maintain a range of Hb between 10 and 13 g/dl, we found that women required higher doses of mEPO, wEPO, and wEPO dose/patient weight. On the contrary, we found no differences with men in monthly iron doses. The ERI was higher in women as well. We also found a larger proportion of women requiring hEPO doses and that the risk of using hEPO doses in women was four times higher than in men.
Our findings concur with other publications observing a relation between gender and EPO requirements. A study assessing the association of anemia and survival found that the masculine gender was one of the predictors of higher levels of Hb, with an inverse relationship between Hb levels and EPO doses. Additionally, there was a direct relationship between Hb levels and levels of serum albumin, TSI, and dialysis doses. [14] Another study exploring the association between hematocrit levels and changes in the prescribed doses of EPO found that male patients achieved better hematocrit levels with smaller doses of EPO. Higher hematocrit level was also associated with longer dialysis, older age, and higher TSI. [15] The hyporesponsiveness to EPO in some patients is a condition that has been studied. A study on low response to EPO found that women receive higher EPO doses to achieve the hematocrit target. It also found a higher proportion of women receiving hEPO doses, but no association between iron levels or high levels of parathyroid hormones and the use of hEPO doses. [16] Other publications have found that women require higher doses of EPO, or even that low response is associated with iron deficiency, poor nutritional state, high-turnover bone disease, and tunneled-catheter vascular access. [17] [18] [19] Unlike the referred studies that reported an association between gender and EPO doses but not as their main objective, our study's main objective was to determine if women required higher doses of EPO to maintain the Hb target. In order to do so, we paired women and men with the reported confounding variables such as iron deposits, nutritional state, type of vascular access, and dialysis doses.
Another factor considered in our study was the Hb variability in response to EPO. It has been reported that, in patients undergoing hemodialysis with ESAs for 12 months, only 3.8% of the patients maintained the Hb target, others presented brief fluctuations above (32.9%) or below (10.5%) the target, and the rest were considered to have unstable Hb (52.9%) for fluctuating above and below the target. Changes in EPO doses and hospital admissions were identified to be associated with Hb variation. [21] Another more recent study found similar results. [22] We reported patients followed up for 12 months, excluding during this period patients with unstable Hb, according to the exclusion criteria stated in the "Methods" section. By only selecting for the final report patients that maintained their Hb in the desired target and patients with brief fluctuations above or below the Hb target, we avoided the potential confusion due to the frequent adjustments in EPO doses, considering that our objective was to determine if women required higher doses of EPO.
Physiologically, women have lower Hb levels than men, which is attributed to the effect of androgens and estrogens on erythropoiesis. This occurs mainly because of the vasodilator effect that estrogens have on the kidney microvasculature, which causes a higher oxygen liberation per red blood cells mass unit at a juxtaglomerular apparatus level. [23] According to the World Health Organization, there are gender-associated differences in the Hb levels that are considered normal, as well as in the Hb thresholds used to define anemia, which is also applicable to patients with CKD. [9, 24] Despite the differences between normal levels of Hb and the anemia cut-off, the current guidelines of anemia management in patients with CKD establish an Hb target with no gender distinction. A study conducted on a population that was not undergoing dialysis or receiving EPO reported that there is a higher absolute Hb level in men than in women in different stages of CKD. They proposed considering a relative gender-specific Hb level defined as the percentage of measured Hb value in relation to the normal Hb inferior limit for each gender and found that relative Hb is higher in women than in men. They considered that this finding was worth taking into account in future recommendations and suggested the establishment of a lower Hb target in women. [25] Our findings regarding the fact that women required higher doses of EPO to achieve the Hb target could be the result of considering women values of Hb levels as similar to men and might not indicate a difference in responsiveness to EPO.
Likewise, men's weight is physiologically 15% higher than women's, although the BMI is similar due to women's lower height. [26] When quantifying the doses of EPO based on the patient's weight, the higher wEPO/kg doses could be a mathematical phenomenon. Women in our study had a significantly lower weight in the physiological range. However, we conducted an exercise of increasing women's weight by 15% to avoid a physiological difference and found that there was still a significantly higher wEPO/kg dose administered to women than to men (64. 
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The relevance of this study is to demonstrate that women require higher doses of EPO than men to achieve the Hb target recommended by the current guidelines. In incidental patients undergoing dialysis, a longer time to achieve the Hb target has been reported to be associated with a significantly higher risk of hospitalization and mortality. [27] The initial dose of recommended wEPO in incidental patients undergoing hemodialysis is from 60 to 150 IU/kg of body weight, according to baseline Hb. [9] Our study found that the EPO dose in women is 18% higher than in men; thus, not being aware of this percentage and applying with no gender distinction the same EPO doses can lead to higher rates of hospitalization and mortality among women.
Some of the strengths of our study include that our population consisted of prevalent patients in hemodialysis, with Hb levels within the targets recommended in the different management guidelines, both at baseline and during the follow-up period of 12 months [ Figure 2 ]. In addition, we compared gender-dependent EPO requirements, but -unlike other studies -we controlled confounding variables such as iron deficiency, nutritional deficiency, dialysis doses, wide fluctuations in EPO doses, and hospitalizations. Our study also presents some limitations: it is an observational study and the sample size is small compared to other studies that have addressed this topic -yet with different objectives and with no control of confounding variables.
Conclusion
Our study demonstrates that women require higher doses of EPO to achieve the Hb target. This is a factor that must be taken into account to estimate the initial dose in the incidental population undergoing hemodialysis and consequently reducing the risk of hospitalization and death. Further studies are required to define if the Hb target in women undergoing dialysis should be lower than that in men.
